INTRODUCTION {#sec1-1}
============

The traditional Chinese medicines (TCMs) have been attracting more and more attention due to the treatment of a wide variety of ailments successfully with minimum side effects in many diseases.\[[@ref1][@ref2]\] Their remedial mechanisms are still not fully understood, but multiple ingredients belonging to different structural classes and possessing different mechanisms of action seem to be responsible for the therapeutic function of TCMs.\[[@ref3]\] Chinese herbal formulae, consisting of several herbs in proportion, usually contain hundreds of different constituents. The simultaneous determination of different kinds of components in a Chinese herbal formula is significant to disclose the secret underlying their effectiveness and to enhance products quality control.

The herb-pair, consisting of *Salviae miltiorrhizae* (Danshen, DS) and *Panaxnotoginseng* (Sanqi, SQ), has been used to improve coronary or cerebral circulation in China as well as in Western countries for several decades.\[[@ref4]\] Some compound preparations containing the DS-SQ herb-pair, such as Guanxin Danshen dripping pills (GDDP), Fufang Danshen dripping pills (FDDP), Fufang Danshen tablets (FDT), Fufang Danshen capsules (FDC), and Guanxin pills (GP) are commercially available and have been widely used for the treatment of coronary heart disease and angina pectoris,\[[@ref5]\] viral myocarditis,\[[@ref6]\] and silent myocardial ischemia\[[@ref7]\] in clinics. These preparations are mainly prepared from the extract mixtures of *Radix Salvia miltiorrrhiza* and/or *Panaxnotoginseng*. There are three types of components in the preparations, including phenolic acids, tanshinones and saponins, which were related to the therapeutic efficacy of anti-cardiovascular/cerebrovascular diseases. The phenolic acids and tanshinones, such as danshensu, protocatechuic acid, protocatechuicaldehyde, caffeic acid, rosmarinic acid, lithospermic acid, salvianolic acids A and B, dihydrotanshinone I, cryptotanshinone, tanshinone I and tanshinone IIA have shown the effects of neuroprotection,\[[@ref8][@ref9][@ref10]\] anti-platelet aggregation,\[[@ref11][@ref12][@ref13]\] anti-thrombosis,\[[@ref14]\] anti-arrhythmia,\[[@ref15]\] anti-oxidation\[[@ref16]\] or protection of the myocardium against ischemia.\[[@ref17][@ref18][@ref19][@ref20]\] Meanwhile, saponins from Sanqi, such as notoginsenoside R~1~, ginsenosides Rg~1~, Re, Rb~1,~ and Rd could protect myocardium and cerebral tissues against ischemia.\[[@ref21][@ref22][@ref23][@ref24][@ref25]\] An accurate and simple method for determining as many the above-mentioned bioactive components as possible becomes essential for understanding the therapeutic efficacy and quality control of the preparations containing the herb-pair.

Till now, a number of assays have been developed for determination of those bioactive components, which are above-mentioned, in some compound preparations containing DS-SQ herb-pair. For example, HPLC-UV or DAD,\[[@ref4][@ref26][@ref27][@ref28][@ref29]\] HPLC-ELSD,\[[@ref4]\] LC-MS,\[[@ref30]\] fourier transform near infrared spectroscopy (FT-NIR)\[[@ref31]\] and micro emulsion electro kinetic chromatography (MEEKC)\[[@ref32]\] have been used to determine the phenolic acids, tanshinones or/and saponins in herbal preparations containing the herb-pair. However, except for HPLC--UV or DAD, the instruments used in other methods are relatively expensive and not routine, or may be unavailable in every laboratory.\[[@ref4]\] Meanwhile, most of the reported quantitative methods referred to one or two types of components from only one comprising herb (Danshen or Sanqi),\[[@ref29][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39]\] or determined a few components, without comprehensively considering the other authentic bioactive components as the marker ones.\[[@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39]\] Moreover, when giving overall consideration of the three types of components (phenolic acids, tanshinones, and saponins) in compound preparations containing DS-SQ herb-pair, it was difficult to fulfill the base-line separation between ginsenosides Rg~1~ and Re (two of the main bioactive saponins in DS-SQ herb-pair) by HPLC, and most of the methods required a long chromatographic process (beyond 70 min).\[[@ref4][@ref39]\] For instance, an improved HPLC method with DAD and ELSD detectors had been reported for simultaneous determination of 4 phenolic acids, 4 saponins, and 4 tanshinones in 90 min.\[[@ref4]\] With this method, 12 bioactive compounds, including danshensu, protocatechuic aldehyde, rosmarinic acid and salvianolic acid B, notoginsenoside R~1~, ginsenosides Rg~1~, Rb~1~ and Rd, dihydrotanshinone I, cryptotanshinone, tanshinone I, and tanshinone IIA were successfully quantified in FDDP. The authentic bioactive phenolic acids, such as protocatechuic acid, caffeic acid, lithospermic acid, salvianolic acid A and ginsenoside Re were not quantified in the preparations. In addition, a few predominant works have been reported by using LC-MS.\[[@ref40]\] and MEEKC\[[@ref32]\] For example, Lai *et al*.\[[@ref40]\] developed a mobile-phase compensation (MPC) method to overcome the ion-ization variance caused by mobile phase composition in HPLC--ESI-MS analyses for the relative quantification of multi-components in complex mixture, and successfully used for relative quantification of the minor asnqisaponins by their detected peak areas divided by that of ginsenoside Rd. The method provides the possibility on obtaining the normalized sharable data in different laboratories.

In this study, an HPLC-DAD method was proposed and validated to determine as many authentic bioactive compounds as possible in the preparations containing DS-SQ herb-pair. Owning to the simple, reliable and relatively rapid (below 70 min per chromatographic analysis) properties, it was applied to the quality control of 5 compound preparations containing DS-SQ herb-pair, that is GDDP, FDDP, FDT, FDC, and GP through simultaneous determination of three types of authentic bioactive components (the structures were shown in [Figure 1](#F2){ref-type="fig"}, including eight majorphenolic acids, namely danshensu (1), protocatechuic acid (2), protocatechuic aldehyde (3), caffeic acid (4), rosmarinic acid (5), lithospermic acid (6), salvianolic acid B (7), and salvianolic acid A (8); five major saponins, namely notoginsenoside R~1~ (9), ginsenosideRg~1~ (10), ginsenoside Re (11), ginsenoside Rb~1~(12), and ginsenoside Rd (13); and four major tanshinones, namely dihydrotanshinoneI (14), cryptotanshinone (15), tanshinone I (16), and tanshinone IIA (17).

![Chemical structures of the 17 compounds.](PM-13-64-g002){#F2}

MATERIALS AND METHODS {#sec1-2}
=====================

Chemicals and materials {#sec2-1}
-----------------------

Reference compounds, sodium danshensu, protocatechuic acid, protocatechuicaldehyde, caffeic acid, rosmarinic acid, lithospermic acid, salvianolic acid B, salvianolic acid A, notoginsenoside R~1~, ginsenosides Rg~1~, Re, Rb~1~, and Rd, dihydrotanshinone I, cryptotanshinone, tanshinone Iand tanshinone IIA were purchased from Shanghai Ronghe Medicine Technology Development Co. Ltd. (Shanghai, China). Guanxin Danshen dripping pills (GDDP, batch no.YR06524,YR06904 and YR06905),Fufang Danshen dripping pills (FDDP, batch no. 140609 and 140623), Fufang Danshen tablets (FDT, batch no.120901110), Fufang Danshen capsule (FDC, batch no.1400801), and Guanxin pills (GP, batch no.20130103 and 20130704) were purchased from local drug stores (Fuzhou, China).

HPLC grade acetonitrile (MerkKGaA, Darmstadt, Germany) was used for the HPLC analysis. Double distilled water for HPLC analysis was prepared in our lab. Chromatographic grade methanol was purchased from Xilong Chemical Co. Ltd., (Guangdong, China). Glacial acetic acid was a product of Shanghai Jingchun Chemical Reagent Co. Ltd. (Shanghai, China).

Apparatus and chromatographic conditions optimization {#sec2-2}
-----------------------------------------------------

The analyses were performed using an Agilent-1260 series HPLC instrument (Agilent Technologies, USA) equipped with a low pressure quaternionic pump, an auto-sampler, a column compartment, and diode-array detection (DAD).

Four Ultimate™ XB-C~18~ columns (Welch Materials, Inc., Ellicott, MD, USA), (A) 50 mm × 4.6 mmi.d. 3.5 μm, (B) 100 mm × 4.6 mmi.d., 3.5 μm, (C) 150 mm × 4.6 mmi.d. 3.5 μm, and (D) 250 mm × 4.6 mmi.d. 5 μm were tested with the flow rates of 0.8, 0.8, 0.8 and 1 ml/min, respectively for chromatographic condition optimization. Taking water--acetic acid (99.5:0.5, v/v) and acetonitrile--acetic acid (99.5:0.5, v/v) as mobile phases A and B, respectively, the gradient conditions were optimized for the four columns. Meanwhile, the ultra-violet absorption spectrum of each chromatographic peak was recorded by the DAD detection for selecting the suitable detection wavelengths for determining phenolic acids, tanshinones, and saponins.

XB-C~18~ column, 150 mm × 4.6 mmi.d.3.5 μm, (Welch Materials, Inc., Ellicott, MD, USA) for the sample analysis. The mobile phase consisted of water-acetic acid (99.5:0.5, v/v) and acetonitrile--acetic acid (99.5:0.5, v/v). An optimized gradient program was carried out as follows: 0-6 min, start with 2% B, then linearly increase to 10% B; 6-10 min, linearly increase to 19% B; 10-16 min, linearly increase to 21.2% B; 16-35 min, linearly increase to 23% B; 35---40 min, linearly increase to 45% B; 40-45 min, linearly increase to 50% B; 45-65 min, linearly increase to 80% B; 65-66 min, linearly decrease to 2% B; then 2% B at 66-70 min, giving a total run time of 70 min. The flow rate was 0.8 mL/min, and the column temperature was set at 30°C. The detection wavelength was set at 288 nm for monitoring phenolic acids and tanshinones, and 203 nm for saponins.

Sample preparation {#sec2-3}
------------------

The extraction solvent was optimized with GDDP (batch no. YR05627) as a carrier. 50%, 70%, 90% and 100% methanol (v/v) were tested as the extraction solvent. GDDP was ground into fine powder. An aliquot of 1 g of the powder was transferred into a 10 mL-volumetric flask and ultrasonically extracted with 10 mL of 50%, 70%, 90% or 100% methanol for 30 min for one time. The homologous extraction solvent (50%, 70%, 90% or 100% methanol) was then added for compensating the volume lost during the ultrasonic process. The supernatant was filtered through a 0.45 μm membrane, and 8 mL of the solution was injected for HPLC-DAD analysis. The best extraction efficiency was obtained by using 100% methanol.

To optimize extraction frequency, after the ultrasonic extraction of 1g powder sample with 10 mL methanol for 30 min, the extract was filtered and the residue was extracted repeatedly with 10 mL methanol for another 30 min. The second extract was then injected into HPLC for analysis after filtration. As a result, the selected extraction frequency was one time.

Ultimately, for sample analysis, GDDP, FDDP, FDT, FDC, or GP were treated with the conditions above-optimized. 8 mL of each sample solution was injected for HPLC-DAD analysis.

METHOD VALIDATION {#sec1-3}
=================

Calibration curves, limits of detection and quantification {#sec2-4}
----------------------------------------------------------

The standard stock solutions of 8phenolic acids, 5 saponins and 4 tanshinones, were respectively prepared in volumetric flasks with methanol, methanol, and methanol-chloroform (2:3, v/v). Before analysis, 0.3 mL of each kind of standard stock solution and 0.1 mL of methanol were transferred to a 1 mL-volumetric flask to make the mixture solution of the 17 reference compounds, and the concentration of each compound was 0.900 mg/mL (1), 0.330 mg/mL (2), 0.300 mg/mL (3), 0.345 mg/mL (4), 0.795 mg/mL (5), 0.300 mg/mL (6), 3.030 mg/mL (7), 0.345 mg/mL (8), 1.530 mg/mL (9), 1.515 mg/mL (10), 1.530 mg/mL (11) 3.090 mg/mL (12), 1.800 mg/mL (13), 0.360 mg/mL (14),0.330 mg/mL (15), 0.300 mg/mL (16), and 0.360 mg/mL (17), respectively. Then, the mixed stock solution was further diluted with methanol to obtain 13 different concentration ranges including 1, 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256, 1/512, 1/1024, 1/2048, and 1/4096 of the original concentration. All the solutions were stored in a refrigerator (4°C).The calibration curve for each compound was established by plotting the peak areas versus the concentration. The limits of detection (LOD) for each component were determined at a signal-to-noise ratio of 3, while the limits of quantification (LOQ) were evaluated at signal-to-noise ratio of 10.

Precision, repeatability and stability {#sec2-5}
--------------------------------------

The intra-day precision was tested by assaying the low, middle and high concentrations of mixed standard solution within 1 day in four times, and the inter-day precision was determined three times in 3 consecutive days. The relative error (RE) and relative standard deviation (R.S.D.) were taken as the measures of precision. To evaluate the repeatability of the developed assay, six samples from the same batch of GDDP (batch no. YR28895), were treated according to the sample preparation procedure as described in the Section of *Sample preparation* and analyzed with the established method. The R.S.D. was taken as the measure of repeatability. The stability was confirmed with a sample of GDDP treated with the preparation method as described in the Section of *Sample preparation* at room temperature and analyzed at 0, 2, 4, 8, 10, 24, 36, and 48 h. The RE of the determined concentration at each time point compared to the nominal concentration was taken as the measure of stability.

Recovery {#sec2-6}
--------

1 g of nine powder samples of GDDP (batch no. YR28894 and YR28893) was respectively weighed and spiked with low, middle and high known amounts of reference compounds, then prepared as described in the Section of *Sample preparation* and analyzed with the developed HPLC method. The quantity of each compound was subsequently calculated from the corresponding calibration curve. Recovery (%) was calculated by the equation (amount~determined~- amount~original~)/amount~spiked~ × 100.\[[@ref4]\]

RESULTS AND DISCUSSION {#sec1-4}
======================

Optimization of sample pretreatment {#sec2-7}
-----------------------------------

To get high extraction efficiency, extraction solvent and extraction frequency were optimized with GDDP (batch no. YR05627) as a carrier. 50%, 70%, 90% and 100% methanol were tested as the extraction solvent. As shown in [Figure 2](#F3){ref-type="fig"}, the best extraction efficiency was obtained by using 100% methanol, since there were as many as chromatographic peak areas of the 17 components, which reached the highest values. Therefore, 100% methanol was selected as the extraction solvent. To investigate extraction frequency, after the ultrasonic extraction of powder samples with 10 mL extraction solvent for 30 min, the extract was filtered and the residue was extracted repeatedly with 10 mL extraction solvent for another 30 min. The second extract was then injected into HPLC for analysis after filtration. However, there were no essentially peaks in the chromatogram. Therefore, the selected extraction frequency was one time.

![Histograms of peak areas for 17 compounds in GDDP, including danshensu (1), protocatechuic acid (2), protocatechuic aldehyde (3), caffeic acid (4), rosmarinic acid (5), lithospermic acid (6), salvianolic acid B (7), salvianolic acid A (8), notoginsenoside R~1~ (9), ginsenosides Rg~1~ (10), Re (11), Rb~1~ (12), and Rd (13), dihydrotanshinone I (14), cryptotanshinone (15), tanshinone I (16) and tanshinone IIA (17), with 50%, 70%, 90% and 100% methanol as extraction solvent by HPLC (mean ± SD, *n*=3).](PM-13-64-g003){#F3}

Optimization of chromatographic conditions {#sec2-8}
------------------------------------------

We optimized the separation conditions including the column specification, elution gradient and detection wavelength in this study. The four Ultimate™ XB-C~18~ columns, (A) 50 mm × 4.6 mmi.d. 3.5 μm, (B) 100 mm × 4.6 mmi.d., 3.5 μm, (C) 150 mm × 4.6 mmi.d. 3.5 μm, and (D) 250 mm × 4.6 mmi.d. 5 μm were tested. The results showed that except for Rg~1~ and Re, or cryptotanshinone and tanshinone I, the base-line separation for the most compounds studied could be obtained with the four columns by HPLC. Meanwhile, only the base-line separation for all the 17 compounds studied could be obtained with the column C. Therefore, the column C (150 mm × 4.6 mm, i.d. 3.5 μm) was selected at the subsequent study. And also, it is the first time to report the rapid and simultaneous analysis of the seventeen compounds accompanying with the base-line separation between ginsenoside Rg~1~ and Re in 70 min by routine HPLC.

According to the UV maximal absorption of the 8 phenolic acids and 4 tanshinones, the chromatograms for the components in Danshen were recorded at 288 nm. Meanwhile, the detection at 203 nm was utilized for monitoring the 5 saponins in Sanqi, consistent with our previous study (Yao *et al*. 2011). The attribution of each peak in samples was confirmed by contrasting retention time and UV spectrum of each peak with that of reference compound. Representative HPLC--DAD chromatograms of the 17 reference compounds, GDDP sample were shown in [Figure 3](#F4){ref-type="fig"}.

![Typical HPLC-DAD chromatograms of 17 standard references (A) and GDDP sample (B) at 288 nm, and standard references (C) and GDDP sample (D) at 203 nm. Peaks (1) sodium danshensu, (2) protocatechuic acid, (3) protocatechuic aldehyde, (4) caffeic acid, (5) rosmarinic acid, (6) lithospermic acid, (7) salvianolic acid B, (8) salvianolic acid A, (9) notoginsenoside R~1~, (10) ginsenoside Rg~1~, (11) ginsenoside Re, (12) ginsenoside Rb~1~, (13) ginsenoside Rd, (14) dihydrotanshinone I, (15) cryptotanshinone, (16) tanshinone I and (17) tanshinone IIA.](PM-13-64-g004){#F4}

Method validation results {#sec2-9}
-------------------------

[Table 1](#T1){ref-type="table"} lists calibration curve, linear range, *R*^2^, LOD, and LOQ of each compound. All the compounds showed a good linearity (*R*^2^\> 0.9944) in the relatively wide concentration range. LOD was in the range of 0.56--5.92μg/ml, 5.92--12.08μg/ml, 0.59--0.71μg/ml for phenolic acids, saponins and tanshinones, respectively; and LOQ was in the range of 1.11--11.84 μg/ml, 11.84--24.16 μg/ml, 1.17--1.41μg/ml for phenolic acids, saponins and tanshinones, respectively.

###### 

Detection wavelength, calibration curves, linear range, LOD, and LOQ of the 17 components

![](PM-13-64-g005)

[Table 2](#T2){ref-type="table"} shows the results of intra-day and inter-day precision of the 17 components. The overall R.S.D. of the intra-day precision was 0.24--6.36%. The overall R.S.D. of the inter-day precision was 1.30-7.10%.

###### 

Intra-day and inter-day precision of the 17 components

![](PM-13-64-g006)

[Table 3](#T3){ref-type="table"} lists repeatability and stability of each compound. The overall R.S.D. of the repeatability was 0.90--11.53%. The overall absolute value of RE for the stability was 0.14--11.87% within 10 h. However, as shown in [Table 3](#T3){ref-type="table"}, the absolute value of RE for the stability of saponins was much more negative than --40% beyond 12h, and the descent was more apparent with extending the storage period of sample solution from 12h to 48h. The results suggested that saponins from SQ were instable when the components from DS and SQ coexisted in solution, and especially, it was better to perform the HPLC analysis within 10h after completing the preparation of the sample solution. In addition, it also suggested that solid preparations could be the favorable dosage forms for those prescriptions containing DS-SQ herb-pair due to the instability of saponins of SQ when coexisting with the components of DS in solution.

###### 

Repeatability and stability of the 17 components (*n* = 6)

![](PM-13-64-g007)

As shown in [Table 4](#T4){ref-type="table"}, the recoveries for the 17 compounds were favorable (87.41-107.35%). The results of the recovery test indicated that the method developed was available for determination of the 17 bioactive components in preparations containing the DS-SQ herb-pair.

###### 

Recoveries of the 17 components

![](PM-13-64-g008)

Sample analysis {#sec2-10}
---------------

The developed method was applied to simultaneously quantify the 8 phenolic acids, 5 saponins, and 4 tanshinones in GDDP, FDDP, FDT, FDC, and GP. The results \[[Table 5](#T5){ref-type="table"}\] showed that the total phenolic acids contents in these preparations ranged from 1.44 to 20.11 mg/g, the saponins varied from 1.33 to 26.86mg/g except for GP, and the tanshinones ranged from 0.64 to 4.91mg/g, among different manufacturers/or batches. The total contents of phenolic acids in FDDP, FDT and FDC samples were similar and about 10 time higher than those in GP and GDDP samples; among the 8 phenolic acids, the content of salvianolic acid Bin FDC sample was highest than those in all the other samples. The total content of saponins in FDC sample was lower than those in GDDP, FDDP and FDT samples, while the total content of saponins in GP sample was very difficultly detected by the presented HPLC method, possibly owing to the preparation process involving a distinctive procedure "preparing water pills" in GP production. Meanwhile, it could also be found that among the four tanshinones in all the samples studied, the content of tanshinone II A was the highest. Summarily, the contents of the three types of compounds varied markedly among DS-SQ herb-pair preparations with different brand. The reason might be due to different proportion of DS to SQ, different preparation process or the quality inconsistency of the crude materials used to produce the preparations. It is significant to determine as many bioactive components as possible for quality evaluation of these preparations containing DS-SQ herb-pair.

###### 

Contents of the 17 components in GDDP, FDDP, FDT, FDC, and GP. (μg/g) (*n* = 3)

![](PM-13-64-g009)

CONCLUSIONS {#sec1-5}
===========

A simple, rapid and reliable HPLC-DAD method was developed for simultaneous determination of 8 phenolic acids, 4 tanshinones and 5 saponins. The method was successfully applied to quantify the 17 major components in 9 commercial samples of GDDP, FDDP, FDT, FDC, and GP. The results suggested that this HPLC method could be considered as good quality criteria to control the quality of preparations containing DS-SQ herb-pair. In addition, solid preparations could be the favorable dosage forms for those prescriptions containing DS-SQ herb-pair due to the instability of saponins from SQ when the components of DS and SQ coexist in solution.
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